Abstract Since the dawn of agriculture, cereal landraces have been the staples for food production worldwide, but their use dramatically declined in the 2nd half of the last century, replaced by modern cultivars. In most parts of the world, landraces are one of the most threatened components of agrobiodiversity, facing the risk of genetic erosion and extinction. Since landraces have a tremendous potential in the development of new cultivars adapted to changing environmental conditions, GeneBanks holding their genetic resources potentially play an important role in supporting sustainable agriculture. This work reviews the current knowledge on cereal landraces maintained in GeneBanks and highlights the strengths and weaknesses of existing information about their taxonomy, origin, structure, threats, sampling methodologies and conservation and GeneBanks' documentation and management. An overview of major collections of cereal landraces is presented, using the information available in global metadatabase systems. This review on winter cereal landrace conservation focuses on: (1) traditional role of GeneBanks is evolving beyond their original purpose to conserve plant materials for breeding programmes. Today's GeneBank users are interested in landraces' history, agro-ecology and traditional knowledge associated with their use, in addition to germplasm traits. (2) GeneBanks therefore need to actively share their germplasm collections' information using different channels, to promote unlimited and effective use of these materials for the further development of sustainable agriculture. (3) Access to information on the 7.4 million accessions conserved in GeneBanks worldwide, of which cereal accessions account for nearly 45 %, particularly information on cereal landraces (24 % of wheat, 23 % of barley, 14 % of oats and 29 % of rye accessions), is often not easily available to potential users, mainly due to the lack of consistent or compatible documentation systems, their structure and registration. (4) Enhancing the sustainable use of landraces maintained in germplasm collections through the effective application of recent advances in landrace knowledge (origin, structure and traits) and documentation using the internet tools and data providing networks, including the use of molecular and biotechnological tools for the material screening and detection of agronomic traits. (5) Sustain. Dev. (2013) 33:177-203 DOI 10.1007 diversity is recognised. Sharing of benefits and raising awareness of the value of cereal landraces are the most effective ways to promote their conservation and to ensure their continued availability and sustainable use. (6) Evaluation of costs and economic benefits attributed to sustainable use of cereal landraces conserved in the GeneBanks requires comprehensive studies conducted on a case-by-case basis, that take into consideration species/crop resources, conservation conditions and quality and GeneBank location and functions.
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Introduction
Cereal crops, such as wheat, barley, oat and rye, have historically been the staple foods in Europe and West Asia and are also the principal "founder crops" from which food production was launched in these regions (Zohary and Hopf 2000) . Since the beginning of agriculture, farmers have developed different crop traits through the selective sowing and plant harvesting, and by saving selected seeds for subsequent growing seasons. Moreover, the differences in agroecological conditions and agricultural practices between communities have resulted in the development of locally adapted varieties, known as landraces. The first reference to landraces as genetic resources appeared in 1890; the term was later applied to cereals by von Rümker (von Rümker 1908; Zeven 1998) . Various terms, including "primitive cultivar", "traditional variety" or even "conservation variety", have served as synonyms, with little consistency in their application and no consensus among experts as to their use in the literature (Camacho Villa et al. 2005) . Despite several attempts to define landraces (Berg 2009; Brush 1995; Friis-Hansen and Sthapit 2000; Harlan 1975; IBPGR 1980; Louette 1999; Newton et al. 2010; Tsegaye et al. 1996; Pistorius 1997; Saxena and Singh 2006; Zeven 1998 ), a satisfactory description based on knowledge of their traits, use, eco-geographic adaptation and cultivation and management procedures is yet to be defined. Nevertheless, it is commonly understood that thousands of landraces reveal a specific variation of morphological and yield characteristics, as well as other desirable traits, including quality traits (Li et al. 2009 ; Moragues et al. 2006; Pecetti et al. 2001; Teklu and Hammer 2009; Tsegaye et al. 1996) , agro-ecological adaptations (van Hintum and Ellings 1991) , abiotic stresses (Trethowan and Mujeeb-Kazi 2008; Reynolds et al. 2007 ) and resistance to pests and diseases (Li et al. 2009; Saker et al. 2008) . These traits have evolved as a result of natural and non-orientated anthropogenic selections, acting individually or in combination, and in close interaction with respective crop wild relatives in the domestication and diversity centres. Based on general characteristics defining landraces, Camacho Villa et al. (2005) proposed a definition that captures its essence: "A landrace is a dynamic population(s) of a cultivated plant that has historical origin, distinct identity and lacks formal crop improvement, as well as often being genetically diverse, locally adapted and associated with traditional farming systems". However, misunderstandings regarding the correct identification and documentation of landraces prevail in both the literature and in GeneBank record systems. The Camacho Villa definition suggests that a cereal landrace is indeed a complex of geographically related crop populations, in which a dynamic balance of genotypes can be detected both within and among populations. For the great majority of cereal landraces, the structure, size and relationship between key alleles or genetic entities are still unknown (Bellon 1996; Kebebew et al. 2001; Rawashdeh et al. 2007; Teklu and Hammer 2009; Tsegaye et al. 1996; van Hintum and Ellings 1991) . Such gaps created the present situation, whereas documentation of germplasm accession or population is majorly equalised to a landrace. A comprehensive knowledge of cereal landrace diversity is essential to define landrace sampling strategies, GeneBank core collections and to ensure an accurate documentation (Aguiriano et al. 2006; Teklu et al. 2005) . Knowledge about landrace features may play a vital role in determining the structure and size of germplasm collections, as well as in the definition of accession numbers, regeneration requirements and quality control to avoid genetic erosion and drift. van Treuren and van Hintum (2001) and van Treuren et al. (2005) showed that self-pollinated cereal landraces may consist of several entities or genotypes coexisting in the same landrace population as subpopulations. Parzies et al. (2000) reported that in the initial collections of barley landraces held in GeneBanks, more than half of the total genetic variation could be found within the landraces, while the remainder exists between the landraces. These data coincide with the variation of spike and seed qualitative and quantitative traits in the "Batini" barley landrace, where 40 and 60 % of the total phenotypic diversity was partitioned among and within its subpopulations, respectively (Jaradat et al. 2004) . Effective evaluation of the representativeness of the existing cereal collections in relation to the crop diversity is hampered by the absence of early regional or national surveys of crop landraces, which do not allow us to determine indices of their erosion and/or extinction.
The organisation and role of GeneBanks has changed considerably since they were first established in the early twentieth century. GeneBanks initially aimed to support breeding efforts and the introduction of new varieties, and most of the contemporary germplasm collections still support these traditional objectives. These collections, which include accessions with a narrow genetic base, can preserve important genes required for breeding purposes. However, they are restricted in their ability to meet the needs of other users and have limited capacity to conserve crop biodiversity, where unknown and potentially useful traits may be present. One of the most significant obstacles to enhancing the use of GeneBank materials is lack of adequate prospecting and evaluation data available, as well as the capacity to generate and manage such information (FAO 2010) . Difficulty in accessing GeneBank material, due to a reluctance to respond to seed inquiries, is still considered a key GeneBank management issue (Finkel 2009) .
The main objective of the present work is to provide a critical review of the available knowledge of wheat, barley, oat and rye landrace resources maintained in GeneBanks worldwide and to analyse available information with regard to these collections and how this information could be more effectively shared to promote sustainable agriculture.
Taxonomy of cereal crops
Analysis of the bibliographical records, available databases and metadata information reveals that the use of different taxonomic nomenclature systems creates a major problem in the analysis of data for crop cereal collections. At the same time, the taxonomic classification itself is not sufficient to eliminate the duplication or misidentification of the accessions (Dobrovolskaya et al. 2005) . The problem is aggravated by the nature of landrace category, given that we are dealing with a resource category below botanical variety rank.
This problem mainly affects wheat, a major world cereal, and its economic significance, and is reflected in the number of existing collections as well as the total number of accessions held in GeneBanks. The number of taxonomic systems used to classify wheat resources, 14 different systems are used by the GeneBank curators worldwide, also reflects this limitation. These nomenclature systems have been successively reviewed by Dorofeev et al. (1979) , Gandilyan (1980) , Kimber and Sears (1987) , Kimber and Feldman (1987) , Löve (1984) , Mac Key (1988) and van Slageren (1994) and differ by the number of the recognised species, subspecies and botanical varieties. The inability to undisputedly identify botanical varieties within the wheat species (Triticum monoccocum L., Triticum dicoccum Schrank, Triticum durum L., Triticum turgidum L., Triticum aestivum L. and Triticum compactum L.) creates additional difficulties in accurately classifying wheat landraces. The application of a molecular approach appears to be a promising technology, offering reliable separation of accessions or identification of duplicates, as it correlates well with the classification of botanical varieties (Dobrovolskaya et al. 2005) . However, further effort is needed to increase the number of markers specifically correlating with traits distinguish different varieties.
Barley taxonomy is much simpler, with two major taxonomic systems recognised, e.g. the Nevski (1941) system with 28 species, whereas Hordeum vulgare L. and Hordeum spontaneum C. Koch, as well as Hordeum agriocrithon Ǻberg, are considered separated species, and Bothmer and von Jacobsen (1985) with 40 taxa, whereas three aforementioned species are considered subspecies of H. vulgare (NCBI 2012) . Classification of varieties is less developed than for wheat taxonomy and is applied only within the same GeneBank. An important number of barley accessions without species identification have been detected.
The Avena taxonomy was a subject of several revisions especially in what concerns the genus boundaries (Baum 1968) . Twenty-five species are included in the genus Avena (Loskutov 2003) , but only four of them are cultivated, e.g. Avena strigosa Schreb., Avena abyssinica Hoch., Avena byzantina Koch and Avena sativa L. Our GeneBank documentation survey detected an enormous number of accessions without species identification and non-cultivated species with accessions classified as landraces. Landraces are expected to be found in collections of cultivated species, although their classification in botanical varieties is scarce.
Historically, 15 rye species are recognised (Roshevitz 1947; Delipavlov 1962) , but recent classifications assemble them into four species Secale cereale L., Secale sylvestre Host, and Secale vavilovii Grossh., including the perennial species Secale strictum (Presl.) Presl. (Sencer and Haekes 1980; de Bustos and Jouve 2002) and 13 subspecies, whereas S. cereale subsp. cereale is cultivated rye. However, all the classifications can be found in the documentation of crop germplasm collections. The survey shows lower number of accessions without species or non-cultivated species with accessions classified as landraces.
However, in the present work we used the Brummitt and Powell (1992) taxonomic classifications for barley, oat and rye crops.
Cereal landraces: origins and threats
Cereal landraces emerged in different regions of the world as a result of centuries of crop evolution in traditional agrosystems. Throughout the centuries, farmers have been the keepers of cereal diversity (Jones et al. 2008) , saving the seeds from harvests for the next generation and increasing gene flow through seed exchanges with relatives and neighbours or through the introduction of local or exotic materials. These practices show the importance of farmer communities and traditional farming systems in the development and maintenance of the landraces (Zeven 2002) . The farmers have also maintained traditional knowledge on cereal landraces uses, playing a critical role in their documentation. Since the 1950s, landraces have been increasingly replaced by modern varieties, which offer superior yields but are less adapted to changing environmental conditions and therefore require higher inputs of fertilisers, pesticides and irrigation to exhibit full yield potential. The introduction of these genetically uniform cultivars, as well as the ageing of rural population and mass exodus of young workforces from rural areas, has resulted in the subsequent abandonment of traditional agricultural practices. These high input, low labour intensive monoculture systems pose serious threats to landrace diversity (Guarino et al. 1991; Negri 2003) . Moreover, the advent of modern agriculture, associated with globalisation and environmental degradation, has polluted, eroded and, in many cases, contributed to the loss of cereal landraces. Consequently, unique cereal diversity has been irreversibly lost and information regarding many traditional varieties is now fairly scarce. It is estimated that 75 % of crop genetic diversity has been lost only within the last century (FAO 1998) . Not surprisingly, landraces are currently one of the most threatened components of plant diversity in many world countries. The situation is further aggravated by the absence of landrace inventories, decreasing landrace cultivation and, more generally, the absence of national institutions responsible for their conservation. Observing these trends, Zeven (1998) concluded that landraces will eventually vanish and be entirely replaced by exotic and improved cultivars. The analysis of 104 country reports clearly shows that genetic erosion in cereals is more severe than in other crops (FAO 2010) . Genetic erosion in cereals and grasses was identified as a problem in 30 countries. It should be noted, however, that these data may reflect the high attention generally paid to field crops (FAO 2010) .
In spite of this trend, cereal landraces are still cultivated on marginal land, as their adaptability to unfavourable conditions represents an advantage and contributes to yield stability (Tesemma et al. 1998 ), tolerance to abiotic stresses (dos Santos et al. 2005; Newton et al. 2010; Pinheiro de Carvalho et al. 2003 ) and resistance to pests and diseases (Bellon 1996) . The significance of cereal landrace diversity in germplasm collections has been assessed by Jaradat et al. (2004) and Parzies et al. (2000) . Unless appropriate actions are taken, the trend in erosion is expected to continue or even intensify. There is general agreement that landraces constitute a key genetic resource to support food security and quality, to deal with future climatic changes, or to satisfy shifting consumer needs and demands (del Greco et al. 2007) , so this trend in erosion must be halted or reversed.
Genetic erosion, one of the major factors contributing to the decrease of cereal diversity, can be defined as "the permanent reduction in richness or evenness of common localised alleles or the loss of combination of alleles over time in a defined area" (Guarino 2003) . This definition takes into consideration both components of diversity: the number of different entities and their relative frequencies, suggesting that the loss of locally adapted alleles is a key event. Genetic erosion is caused by several factors such as anthropogenic and/or natural changes, including replacement of local varieties, land clearing, over exploitation, population pressures, environmental degradation, changing agricultural systems, over grazing, pests and diseases, weeds and inappropriate legislation and policies (FAO 2010) . Several attempts have been made to evaluate genetic erosion among cereal landraces (Martos et al. 2005; Rocha et al. 2008; Ruiz et al. 2002) . Unfortunately, numerous gaps in the knowledge regarding the origin and structure of cereal landraces only allow us to theoretically anticipate the extent of their genetic erosion. Monitoring genetic erosion in landraces is scientifically, technically and logistically difficult, and requires long-term commitment and substantial efforts of different institutes. Standard and easily applied methodologies are required to provide credible estimations of the status and dynamics of landraces and to permit the analysis of specific target traits, their genes and alleles (Diulgheroff 2006) . Additionally, a multidisciplinary approach needs to be developed to perform an integrated analysis of different sources of information.
A second threat faced by cereal landraces is genetic pollution, i.e. the initial diversity of crop landraces is contaminated by "the gene flow from conventional and biotechnologically bred crops and introduced exotic and alien species" (Altieri 2003; Bettencourt et al. 2008; Ellstrand 2001) . Genetic pollution is a growing risk and concern, as it represents a threat to the in situ (in genetic reserves and on-farm) conservation of crop landraces and ultimately affects the environment and human health .
The loss of diversity of cereal landraces as a consequence of their reduced number, size, and increasing pollution, erosion or disappearance, severely threatens the world's long-term food security. The reduction (erosion) and contamination (pollution) of crop diversity by any cause or means has a "domino effect" and thus affects agriculture, which is, to a great extent, dependent on a few crop species and selected cultivars , whereas cereal crops occupy top positions in food supply. Previous efforts have been made to address the issue related to the comprehensive inventorying the cereal genetic resources held in GeneBanks (Bettencourt and Konopka 1990) . However, major limitations in determining the number, origin and structure of landraces arise from the scarcity of national inventories of landraces, which hinders adequate sampling efforts and the need to properly identify the landraces in order to evaluate their diversity and conservation status. International research commitments need to be made to address these issues, as well as through the development of standardised methodologies for screening of landrace diversity and evaluation of their conservation status. The use of historical records in herbaria, field mission reports and GeneBank documentation, and the use of GIS techniques with georeferencing of sampled accessions, could improve our knowledge on landraces origin, structure and threats.
Survey of cereal landraces and their effective conservation
The pioneer of the systematic survey of cereal crop resources was Nicolai I. Vavilov (Damania 2008; Harris 1990) . Beginning in the 1920s, Vavilov carried out more than 100 expeditions across the globe, collecting plant materials for the foundation of the N.I. Vavilov Research Institute of Plant Industry (VIR), a central institution responsible for collecting and researching world plant diversity for the purposes of former Soviet Union national breeding programmes. In other countries, similar but smaller scale undertakings aimed at surveying and collecting germplasm of major food and fodder crops, including cereals (Damania 2008) , initiating the process of accession gathering that ultimately resulted in a large number of accessions being maintained in GeneBanks around the world (Bettencourt and Konopka 1990; FAO 1998 FAO , 2010 Knüpffer 2009; Zeven 1998) . Although the concept of a landrace was developed more than 120 years ago, almost all systematic programmes of germplasm prospecting began during the 2nd half of the last century. The use of GeneBank documentation data through the advent of global systems of information exchange has remarkably expanded the possibility of performing landrace inventories at national, regional or global levels. A recent example includes a regional survey on the status of on-farm conservation, management and use of the European landraces (Veteläinen et al. 2009 ). This document provides an overview of landrace inventories in Europe, their management and use promotion, as well as the development of the European legal framework supporting landraces conservation and use in the context of sustainable agriculture. In recent years, relatively few comprehensive inventories presenting cereal landraces have been published. These include the morphological description of the Portuguese and Madeiran wheat landraces and old cultivars (dos Santos et al. 2009; Vasconcelos 1933) ; the field survey of wheat landraces from the Panjsher valley (Buerkert et al. 2006 ) and the Austrian Alps (Zeven and Schachl 1989) ; and wheat and rye landraces from Ethiopia (Assefa and Labuschange 2004; Bechere et al. 1996) .
The absence of detailed cereal landrace inventories from the beginning of the twentieth century, as well as limitations in accessing "grey literature" (unofficial reports of surveys and collecting missions), do not allow for reliable estimations of erosion and extinction rates that have taken place during the past four decades. Despite this gap, there is some information available. Papadakis (1929) provided detailed morphological descriptions with reference to botanical variety and information on the agronomic performance and cultivation area of several Greek wheat landraces cultivated during that period. Very few of these can still be found sporadically cultivated for personal consumption, while several have survived conserved ex situ in GeneBanks around the world. Damania (2008) mentioned that 97 % of Greece's durum wheat landraces were replaced by improved cultivars of predominantly Italian origin. In a pioneered work, published almost 80 years ago, Vasconcelos (1933) identified 116 Portuguese wheat landraces and provided detailed information, including photographs and morphological descriptions for 95 of them. Out of all the wheat landraces described, only four morphological variants of 'Barbela' could now be found as seed mixtures in northeast Portugal where this type of wheat is still cultivated for production of valuable flour used in making traditional breads and biscuits (Ribeiro-Carvalho et al. 2001) . Rocha et al. (2008) also found further evidence of the occurrence of wheat genetic erosion in northwest Portugal caused by a successive abandonment of traditional varieties and increasing use of commercial, improved varieties. This, in turn, contributed to the disappearance of traditional agro-systems, crop landraces and the traditional knowledge associated with their maintenance, management and use in Portugal.
The Second Report on the State of the World's Plant Genetic Resources for Food and Agriculture (FAO 2010) provided several examples of genetic erosion, as cited in various country reports. However, since such information was not standardised, cross-country or cross-crop comparisons cannot be made and information cannot be used as a baseline for further monitoring of their conservation. Nevertheless, the examples presented in the report undeniably highlight the enormous wealth of genetic diversity that is being lost, in some cases, at alarming rates. Yemen reports that cultivation of wheat landraces, including T. dicoccum, has drastically decreased. In Albania, all primitive wheat cultivars have been reportedly lost.
Undertaking a credible evaluation of the current status of the cereal landraces conservation is complicated, as the FAO country reports only provide a fragment of the global picture that can be obtained solely through global information systems. While recent studies have confirmed that diversity in farmers' fields and in protected areas has indeed decreased, this trend in genetic erosion can neither be generalised and nor widely applied as there are cases in which no credible evidence of genetic erosion could be confirmed (FAO 2010) . Such discrepancies in the assessment of extinction and erosion rates of landraces needs to be clarified through careful review and cross-referencing of data originating from different sources, including field mission reports, herbaria collections, natural history museums and GeneBank data. Unfortunately, only a very limited number of initiatives focused on resolving these discrepancies are currently underway. The EU project "AEGRO, AGRI GENRES 057-2006-0396" aimed to establish a database platform combining data from various sources, to identify adequate place for in situ and on farm conservation of oat landraces and related CWRs as well as other crop landraces and to promote the guidelines for their in situ conservation (Maxted et al. 2012) . Project implementation detected a pressing need to create up-to-date inventories of cereal landraces at the national and regional levels, including the geo-referencing of presently cultivated landraces. This urgency is also due to the importance of cereal landraces for low input and organic farming, breeding and development of traditional products with protected denomination of origin. Accordingly, the Commission Directive 2008/62/EC of 20 June 2008 came into force to promote a wider utilisation of genetic diversity in agricultural systems and to improve the management of plant genetic resources through the recognition of agricultural landraces and varieties to be grown and marketed (EC 2008) .
The elaboration of cereal landrace inventories is most certainly conditioned by different interpretations or understandings of the definition of a landrace (Camacho Villa et al. 2005; Zeven 1998 ) and the existence of specific regional (EC 2008) and national regulations aimed at their protection (DGADR 2009; MADRP 2009 ). Further efforts on standardising the definition of a landrace, initiated by Zeven (1998) are therefore required. Among the European countries, Italy appears to be the most advanced in terms of creating national landrace inventories Negri 2003; Porfiri et al. 2009; Torricelli et al. 2009 ).
Landraces sampling and GeneBank conservation strategies
Initially, GeneBanks were established to conserve collected plant material to support breeding programmes. Only after 1974, when heavy erosion of genetic resources was recognised as a serious problem, did the function of GeneBanks evolve to include conservation of crop genetic resources and, in some cases, of their crop wild relatives (Damania 2008) . This broadening of GeneBank mandate dictated the need for subsequent changes in sampling strategies and additional requirements for thorough documentation of the collected accessions. Modern GeneBanks have diversified research tasks that encompass plant genetic resources surveys, collection, conservation, characterisation, documentation, valorisation and promotion of germplasm use. In this review, the tasks directly related to sampling and conservation of cereal landraces is discussed. Usually, accessions conserved in GeneBank collections result from direct sampling of farmers' fields, farm seed stores or even local seed markets (Damania 2008) with one accession representing a specific crop population. Some authors (Zeven 1998; Negri 2003) consider an accession to be a crop landrace if it has been locally cultivated by farmers for several decades or generations in the absence of formal or conventional selection. Others consider accessions to be populations belonging to a particular landrace, if they share common key traits and have a history of traditional use (Camacho Villa et al. 2005; dos Santos et al. 2009 ). The first approach allows the classification of an accession as a landrace in the absence of its characterisation, using, for example, the provenance and common name information for the classification. The second approach, however, requires previous characterisation of landraces and the determination of their genetic structure and sample sizes for proper conservation of their diversity. According to Dobrovolskaya et al. (2005) , the use of the common or cultivar name is not sufficient to determine the presence of duplicates and to downsize germplasm collections, because of existence of genetically different accessions under the same common designation. Demissie and Bjornstad (1996) proposed the use of phenotypic variation of some traits as a methodology to sample and conserve barley landraces.
Plant accessions of locally grown cereals have complex structures, are characterised by their plasticity, are adapted to local agro-ecological conditions and their diversity can be increased by farmers' seed exchange (Zeven 1998; Ladizinsky 1998; Bellon 1996; Damania 2008; Newton et al. 2010 ). Due to the diversity and heterogeneity of landraces, germplasm sampling requires specific and extensive care, during both the gathering (Allard 1970; Brown and Marshall 1995; Hawkes et al. 2000; Farias and Bettencourt 2006) and regeneration of landraces, in order to maintain rare alleles and genotypes and to avoid genetic drift. Germplasm sampling techniques have been the subject of numerous recommendations. While Allard (1970) and Bennett (1970) recommend the sampling of 200 to 300 plants, Qualset (1975) recommends 500 plants for wild populations of cereals, and Yonezawa (1985) proposes the sampling of ten plants per site, stressing, however, that the number of collecting sites should be high. This is also supported by Porceddu and Damania (1992) , Damania (1996) and Hawkes et al. (2000) . A compilation of works on this topic was presented by Guarino et al. (1995) . The sampling methodology employed during collecting missions, as well as the practice of regenerating samples through multiplication, may lead to genetic changes and loss of sample alleles, ultimately resulting in genetic erosion of the landraces (Parzies et al. 2000; Mantzavinou et al. 2005) . However, the deficiencies occasionally identified in sampling strategies have contributed to the problem of genetic drift in accessions, which is sometimes aggravated by incomplete and scarce information about the collected sample. The International Plant Genetic Resources Institute (IPGRI; now Bioversity International) developed specific recommendations and standardised methodologies for germplasm sampling and collection (Hanson 1985; Hammer et al. 1999; Rao et al. 2006) and recommends the collection and use of at least 4,000 seeds to conserve the diversity of heterogeneous material (Rao et al. 2006) .
The use of a large number of seeds per sample, and their regeneration before viability drops below 85 %, are considered critical to prevent the loss of rare alleles and avoid genetic drift. However, these sampling requirements and the size of germplasm accessions seem to be crop-or landracespecific (Hirano et al. 2008 (Hirano et al. , 2009 ). The size and frequency of sample collections for storage and ex situ conservation, as a complementary strategy to in situ and on-farm conservation programmes has also been discussed. Brown and Marshall (1995) studied sampling requirements pertinent for collection of genetic diversity and for determining the sample size for ex situ conservation. The authors found that the analysis of a minimum of 50 randomly sampled individuals per population is required in order to achieve 95 % probability that at least one copy of each allele occurring in the population with 5 % frequency is detected. However, this sample size does not permit conservation of all allele combinations present in a population or a landrace. Even though sampling strategies have been developed to ensure that the 'within' landrace diversity is collected before the accession is stored in a GeneBank, less attention has been given to the maintenance of this diversity during GeneBank storage (Parzies et al. 2000; Sackville Hamilton and Chorlton 1997) which can also compromise the future utilisation of the landraces. Thus, genetic erosion occurring in GeneBanks is now a growing concern and it has become evident that the research and management of biodiversity requires new approaches (Hammer and Gladis 1996; Hammer and Spahillar 1998) . Recent guidelines for GeneBank management, proposed by the IPGRI, in collaboration with the FAO, the CGN (The Netherlands), the Government of The Netherlands and the System-wide Genetic Resources Programme (SGRP) (Engels and Visser 2003) , emphasise the importance of standardised management procedures, sampling strategies, conservation, viability monitoring and regeneration methods aiming to maintain the accession integrity and documentation management. . The evaluation of cereal landraces diversity and the status of germplasm collections, including the integrity of accessions, their conservation and viability are barely present in the scientific literature. The Spanish collection of durum wheat was evaluated in relation to the accession origin and source of agronomic and resistance traits (Ruiz and Martín 1998) , as well as viability (Ruiz et al. 1999 ) and the presence of duplicates in the collection (Ruiz and Aguiriano 2004) . Using the gliadin pattern as a marker, the authors confirmed the presence of 106 instances of duplication among 266 accessions of durum wheat collections. Several other authors also provided evidence of genetic information loss during conservation and regeneration (Wood and Lenne 1997; van Hintum et al. 2002; Chebotar et al. 2003) . On the other hand, some researchers argue that the diversity of accessions does not change and genetic drift does not occur during ex situ conservation (Rice et al. 2006) . The use of fast molecular and biochemical screening tools is recommended for monitoring accession diversity and for the management of the enormous amount of genetic resources deposited in the GeneBanks. A reliable estimation of landrace diversity will ensure against genetic drift and loss of genetic information during the management of the germplasm collections. The minimisation of genetic erosion and its negative impacts on sustainable agriculture through the monitoring of key elements of genetic resource conservation will be further facilitated by the analysis and exchange of the available information. To that end, as proposed in the Second Global Plan of Action for Plant Genetic Resources for Food and Agriculture (FAO 2011), governments should periodically review and report on the situation of PGRFA, designating a focal point to convey this information to FAO, and, as appropriate, to the Governing Body of the International Treaty, the Conference of the Parties to the Convention on Biological Diversity (CBD) and other relevant bodies, endeavouring special efforts to identify the species and populations that are most at risk and are most likely to harbour traits that will be important in the future; this is particularly important with regard to landraces and CWR.
Documentation of genetic resources in germplasm collections
Scarcity of information about landrace characteristics is a major issue faced by the GeneBank users. In spite of that, many landraces can be identified by morphological or agronomic traits and their description is sufficient for a proper selection of plant material; herbaria vouchers can assist in this respect. The unmistakable identification of a germplasm sample is a prerequisite for the application of an appropriate conservation strategy and the promotion of its sustainable utilisation. Accessions, which cannot be identified due to the absence of a herbarium specimen, tend not to be utilised for longer periods of time than those which have been assigned verified names (Moss and Guarino 1995) . This specifically applies to the landraces of some minor cereal species, with contradictory taxonomy, which play an important role in overall crop diversity. It is believed that the first herbarium was established in 1570 in Bologna, Italy, by Luca Ghini. The Index Herbariorum (2012), a Global Directory of Public Herbaria and Associated Staff, refers the existence of approximately 3,400 herbaria with approximately 10,000 associated curators and biodiversity specialists. These herbaria, collectively, maintain an estimated 350 million specimens. To understand the magnitude of the collections maintained by an individual herbarium, consider that the nine largest herbaria in the world maintain a total of 55.3 million specimens. Unfortunately, major herbaria collections are not linked to GeneBanks and, therefore, the amount of voucher specimens related to cereal crops or their landraces remains unknown. Ideally, herbarium specimens ought to be collected for all new germplasm accessions and specifically for the landraces, rare or unusual types, minor crops and CWR. Such a system would assist in clarifying any doubts arising over an accurate identification of a plant species (Moss and Guarino 1995) .
Herbaria are a valuable source of information for GeneBank curators and users, assisting in the planning of germplasm collecting missions, as a reference source for the identification of new entries and material, and studies on crop distribution. Herbaria are also important for documenting existing germplasm collections providing the identification of sources of material, since accessions of CWR are often accompanied by herbarium voucher specimens collected either in the field or during any subsequent regeneration activities (Perry and Bettencourt 1995; Bettencourt 2011) . In addition, due to advances in biotechnological sciences, it is also possible to extract DNA from herbarium vouchers for genetic diversity studies (Liston et al. 1990; Jones et al. 2008; Leino and Hagenblad 2010) . If properly collected, prepared and stored, a voucher is bound to the sample location and the specific accession will indefinitely be available for study by future generations (Miller and Nyberg 1995) . As such, herbaria specimens play an important and complementary role in the assessment of resources distribution, erosion and extinction. Damania (2008) presented several examples of the role of herbaria and germplasm documentation with regard to the assessment and recollection of resources. Herbaria can also help to control sample integrity against genetic drift and erosion occurring in the GeneBanks, as the accessions often undergo numerous regeneration or multiplication cycles, or are grown or regenerated under different climatic and soil conditions, which may produce substantial, mostly phenotypical changes, from the original population. In such cases, herbaria serve as a useful record of the original samples (Miller and Nyberg 1995) .
Finally, herbarium documentation is also important to: follow the location of plants that have potential to be used as new crops; document the plants used as crops and forage; locate and identify cereals' CWR for use in breeding programmes; identify crop landraces in a specific area in order to define the habitat and designate an environmentally and legally appropriate use for the site; and establish landrace inventories.
However, both the herbarium specimens and GeneBank samples are of limited value if they are not combined or coupled with other documentation data. These data show some similarities between the herbarium (where the information is recorded in label notes) and the GeneBank (where passport data are used) documentation systems. Much of the data needed to document a voucher should be also provided by the accession's passport, including the name(s) of the collector(s) and institute, collection number, collection date and the collection site. Additionally, taxonomic identification, notes and drawings should be made to record any of the plant's characteristics which might be lost or less evident in a dried specimen (Miller and Nyberg 1995) .
The documentation of germplasm accessions is another important issue in the facilitation of sustainable use of genetic resources. Most GeneBanks actually have developed their own documentation systems based on the IPGRI recommendations (Painting et al. 1993) . The passport data, a fundamental part of this documentation system, are linked to germplasm accessions to facilitate the identification of plant material needed for breeding or conservation purposes. These passport data include all information present in the vouchers' labels, as well as the accession numbers, donors' name, geographical and habitat data and agricultural system information. These data are often accessible to the general public through GeneBank databases. However, the accession passports lack information related to the plant taxonomy or data needed to identify a landrace's status and to characterise specific traits. In the past, plant genetic resources were also documented by the missions and expedition reports and catalogues published after collection and/ or evaluation of germplasm (Agrawal et al. 2007 ). Based on a case study of the United States National Plant Germplasm System (US NPGS), Smale and Day-Rubenstein (2002) found that inadequate or incomplete information about accessions is cited by 38 % of users as the major problem affecting the utilisation of germplasm. Improved documentation of genetic resources is an imperative for planning and implementing targeted and appropriate strategies for conservation, sustainable use and benefit-sharing. Concerning cereal landraces and their wild relatives, an effort must be made to better characterise and evaluate these resources in order to achieve a more in-depth understanding of species diversity, which will allow for enhanced identification of germplasm and traits, and their advantages for agriculture and food. This could be accomplished by carrying out improved ethno-botanic studies, which include detailed information about farming systems and agricultural practices, eco-geographic adaptation, pest resistance and tolerances, abiotic resistances and trait preferences, i.e. all knowledge available about the collected sample. This approach would prevent information gaps, such as those that hamper the sustainable utilisation of genebank materials by farmers and plant breeders. In ex situ collections, the following information enables the accurate identification of accessions: accession number and taxonomic name; place of collection and where the material originated; description of morphological and agronomic traits; viability test results; regeneration data; location(s) where material has been distributed; to whom has the material been donated; related ethno-botanical information; and farmer and indigenous knowledge.
The collation, exchange and provision of this useful accession-level information are easily justified through the existing conventions and treaties. Sharing of such information is fundamentally aimed at facilitating better management and increased access to and utilisation of cereal landraces genetic resources by a large community of stakeholders (e.g. GeneBank curators, researchers, breeders, farmers and students). The access to comprehensive information on ex situ holdings would enable GeneBank curators, as well as other users to: identify new sources of diversity in other collections; assess possible gaps in their collections; plan additional collecting missions; identify duplicates of existing material; secure proper and safety duplication and regeneration of accessions; promote utilisation of germplasm by identification of useful traits for breeders or adapted to different climates; contribute to development of appropriate conservation strategies; and support complementary conservation via ex situ/in situ and on-farm methods to enhance food security and quality.
Exchange of germplasm information in a global network system
Proper management and availability of data are essential to promote the use of crop diversity for research, breeding and training. While improved data quantity and quality has been recently noted (FAO 2010) , a unified system of record maintenance and universal information accessibility would promote the wider use of the collected landraces.
Great progress made in this field during the last decade may be attributed to the use of modern information technologies. The recent institutional, regional and global initiatives have focused on compiling and standardising information to facilitate the accessibility of data that have been frequently inaccessible during the pre-computer era. The global exchange of information has expanded remarkably since the inception of the internet. Technological advances have enabled the distribution of electronically available data from major centres to remote parts of the world.
Current challenges in the global exchange of germplasm information range from the interoperability of large data sets and addressing the needs of data providers, to creating customised data analysis tools for end-users, in order to ensure their quality. The importance of web-based portals and online databases and platforms for the conservation and use promotion of agrobiodiversity is emphasised by both the data providers and the users. Given the recent and rapid changes in information technology, the development of national and regional portals and a global information system on plant genetic resources for the GeneBank community is both practical and logical. Existing GeneBank information systems and portals, such as the European Plant Genetic Resources Search Catalogue (EURISCO 2012), the CGIAR System-wide Information Network for Genetic Resources (SINGER 2012) and the Germplasm Resources Information Network (GRIN) of United States Department of Agriculture (USDA) are the essential building blocks for creating a global framework on access to genetic resources. Construction of such a large-scale information infrastructure requires thorough consideration and careful selection of the strategy, methodology and technology to be employed (Gaiji et al. 2008) .
In recent years, a transition from individual GeneBank website access to multi-institutional portals has occurred. An example of this is the EURISCO Catalogue (http://eurisco.ecpgr. org).which provides a European entry point on passport information for more than one million accessions, representing approximately 50 % of the total number of accessions conserved in Europe, in 318 GeneBanks from 42 countries. Another is SINGER (http://www.singer.cgiar.org -to be incorporated into GENESYS) provides a central point of access to all germplasm conserved in the 11 CGIAR GeneBanks, containing data on more than 700,000 accessions. Finally, the GRIN (http:// www.ars-grin.gov/npgs.html) provides easy access to information on more than 510,000 accessions. Nonetheless, accessing GeneBank information in many countries is still a complex task, mainly due to inadequate documentation systems at the individual GeneBank level, coupled with a low level of coordination at the national and regional levels. To address the documentation system issues at the individual GeneBank level, a partnership involving the Global Crop Diversity Trust, USDA and Bioversity International, developed and deployed a GeneBank documentation system called GRIN-Global, based on a system in use by USDA. Its goal is to provide the world's crop GeneBanks with a powerful, flexible, easyto-use global plant genetic resource information management system that will constitute the keystone for an efficient and effective global network of GeneBanks to permanently safeguard plant genetic resources vital to global food security, and to encourage the use of these resources by researchers, breeders, and farmer-producers. By improving the capability of GeneBanks in feeding their data into a global accession-level information system, under the leadership of Bioversity International, it will be possible to more accurately assess the "State of the World" with regard to plant genetic resources, and to identify priority global needs for their conservation (http://www.grin-global.org/index.php/Main_Page).
In order to ensure continued and diligent conservation of cereal landraces, world GeneBanks should implement measures to standardise procedures, establish compatible documentation systems and develop frameworks aimed at a better management and exchange of genetic resources information. Within Europe, the European Cooperative Programme for Plant Genetic Resources (ECPGR) and the South-East European Development Network on Plant Genetic Resources (SEEDNet) are key examples of networks established to improve germplasm management and information exchange. Both programmes illustrate successful collaborations through networks with targeted research agendas and combined structural support. The fundamental operating principle of the existing information systems is that they are based on free and open access to the biodiversity data. Currently, data providers in the EURISCO, SINGER and GRIN networks offer free information about their accessions in collection.
On a global scale, a portal that facilitates access to and use of information, as a single entry point for users wanting to mine genetic variation by searching for combinations of data on the characteristics, environments and other aspects of genetic diversity, has been developed, called GENESYS (Dias et al. 2011) . GENESYS was created to improve access by the breeders and other plant scientists to the germplasm they need in a format that is easy to understand by allowing them to identify accessions of interest and order them online directly from the GeneBanks holding that specific material.
GENESYS specifically addresses the challenge of making information about germplasm collections readily available for the general public, as a key factor contributing to increasing the use of plant genetic resources for food and agriculture (PGRFA).
The foundation data for the GENESYS global portal (Fig. 1 ) is the information provided by three major international project partners: the European Cooperative Programme for Plant Genetic Resources (ECPGR-EURISCO), the Systemwide Genetic Resources Programme (SGRP-SINGER) of the Consultative Group on International Agricultural Research (CGIAR) and the USDA Agricultural Research Service National Genetic Resources Program. Together these systems account for approximately 2.4 million accessions held in ex situ collections worldwide, about a one third of the total number of accessions estimated to be maintained in the GeneBanks globally (Dias and Mackay, Bioversity International, Rome, Italy, unpublished) (www.genesys-pgr.org).
Information-sharing agreements are core to and underpin the use of large GeneBank network information portals such as the EURISCO or SINGER. The agreements clearly define obligations and responsibilities of data providers and the central aggregation point or the institutions assuming that role. The goals and principles of making biodiversity data openly and universally available are defined by the networks' or portals' Memorandum of Understanding (MoU) or Data Sharing Agreement (DSA). Participants who sign these MoUs or DSAs express their willingness to make biodiversity data available through their nodes to foster international scientific research and to support the public use of such data.
Management of cereal landraces in GeneBanks
A fundamental issue in the management of GeneBanks relates to the information describing each accession and its accessibility. Standardisation of such information is a key element that determines the potential benefits of genetic resources for both seed conservation and breeding purposes. Considering that many of the world's plant genetic resources are insufficiently documented, which prevents optimal access to and compromises the proper use and conservation of these resources, the Global Plan of Action (GPA) for the conservation and sustainable utilisation of plant genetic resources for food and agriculture (FAO 1996 (FAO , 2011 has recommended the creation of comprehensive information systems for the PGRFA, as well as the development of monitoring and early warning systems for the loss of the PGRFA. These information systems aim to facilitate access to and sustainable utilisation of PGRFA through the collation and exchange of useful information, which also applies to the cereals landraces. The need for such information systems has been determined by the fast growth rate of worldwide GeneBank systems and the challenges of managing the growing amount of genetic resources maintained in these germplasm collections. Information systems have been developed at several levels, including national (national plant germplasm networks), regional and international (documentation at meta or accession levels). In this section, the selected systems developed at the national level will be reviewed and the management of resources held in the GeneBanks will be analysed.
At the crop level, the European information systems have been developed and maintained under the framework of the European Central Crop Databases (ECPGR). Specific information regarding the cereal crops is available from the European Barley Database, the Database on Barley Genes and Genetic Stocks, the European Wheat Database, the Internet Catalogue of Wheat Pedigree and the European Avena Database (EADB). At the international level, the following systems provide information on cereal crops: the International Barley Core Collection (IBCC); the International Maize and Wheat Improvement Centre (CIMMYT) for wheat; the International Centre for Agricultural Research in the Dry Areas (ICARDA) for cereals; and the International Crop Information System (ICIS) that maintains data on wheat and barley (http://www.cropinfo.org/ icisweb/community.htm, 2012).
It is recognised that with the establishment of VIR in 1924, the creation of the worldwide system of GeneBanks officially commenced (Loskutov 1999) . In 1972, the CGIAR recommended the establishment of a global network for the conservation of crop genetic resources (Frankel and Hawkes 1975) . In 1975, the International Board for Plant Genetic Resources (IBPGR; subsequently IPGRI, presently Bioversity International) reported the existence of eight global genetic resources conservation centres located in developed countries. Today, the number of GeneBanks worldwide exceeds 1,750 (FAO 2010) and the majority is managed according to the IBPGR recommendations.
The extent of utilisation of cereal genetic resources in breeding programmes, research or conservation is directly related to the quality of GeneBanks' documentation and the accessibility of the GeneBanks' data (Smale and DayRubenstein 2002) . Agrawal et al. (2007) described the features of the Indian GBIMS based on Microsoft SQL, which manages information on about 320,000 accessions conserved in the GeneBank of National Bureau of Plant Genetic Resources of India (NBPGR), held in nearly 60 different institutions. The US NPGS relies upon the GRIN, which effectively manages the world's largest germplasm collection belonging to the USDA and holds more than 510,000 accessions of the 85 most commonly grown crops, including wheat and barley. In Europe, Germany's Federal Information System on Genetic Resources (BIG) was jointly developed by four partner institutions with extensive databases on wild and cultivated plants. Due to its relevance, it is also worth mentioning the Nordic Genetic Resources Centre (NordGen), a common GeneBank, and the respective documentation and information system for the Nordic countries (Denmark, Finland, Iceland, Norway, Sweden) making available information on 24,354 accessions belonging to 730 Genera (NordGen 2012). However, such documentation strategies and systems have not always been implemented at the national level elsewhere. For example, in Portugal, the genetic resources policies are coordinated by the National Institute for Agrarian and Veterinarian Research, yet the information systems of different GeneBanks or institutions working on plant genetic resources are not linked through a network; this situation prevails in many other countries. These documentation systems allow the users to authenticate information on the origin, management and proper maintenance of germplasm accessions. They also reduce the amount of duplications and contradictory records resulting from the misidentification of accessions. However, most importantly, they provide access to the information on genetic resources in real time, allowing for appropriate research planning and promoting the use of genetic resources.
Is it worth mentioning the mechanism for registration of GeneBanks worldwide, which is currently in place through the FAO World Information and Early Warning System (WIEWS 2012; http://apps3.fao.org/wiews/wiews.jsp). This system maintains metadata on germplasm holdings and contains an inventory or catalogue of the world's GeneBanks, the species they conserve and an estimated number of accessions held for each species. Each GeneBank is uniquely identified through an Institute Code (IC), which is widely used within existing GeneBank information systems. For example, information provided by the national inventory focal points to the EURISCO Catalogue should be compliant with the WIEWS Institute Codes. Such metadata is extremely important for the registration and unique identification of potential data providers.
Ways forward for accession-level information systems
Given the level of experience acquired in implementing EURISCO, its methodology and infrastructure should be considered for possible adoption/replication in other regions. EURISCO is an effective and sustainable model that not only addresses the information-sharing aspects of accession information systems, but also the range of completeness and accuracy of data, so as to provide GeneBanks with appropriate tools and sufficient technical and financial support to upgrade their GeneBank information management systems.
Advantages of providing data to networks
Linking the networks as data providers to the global information system through regional catalogues and national inventories automatically enables the participating countries to uphold/implement their biodiversity and conservation obligations at the national level and to meet the requirements of international agreements such as the CBD, the GPA, the International Treaty on PGRFA and the GBIF. Through the networks, countries are able to use fewer resources while providing more efficient reporting on their PGRFA and the associated information.
It is expected that the global, regional and national information systems will greatly support national and regional strategies for the sustainable conservation and use of genetic resources, in addition to contributing to the well-being of present and future generations and to alleviating poverty while ensuring food security and quality.
Importance of landrace genetic resources held in GeneBanks
There is a common understanding that ex situ germplasm collections have limited use and primarily serve only for conservation purposes. However, despite the recent changes in the functions of GeneBanks highlighted in the case study of the US NPGS, Smale and Day-Rubenstein (2002) reported that requests for cereal landraces depend on the country, crop, culture and profile of the final users, while breeders are still the main users of germplasm. Globally, plant germplasm, including cereal landraces, is requested for trait evaluation, breeding or pre-breeding, basic research and the enhancement of other collections (Day-Rubenstein et al. 2006; Hajjar and Hodgkin 2007) . Only the latter two are related to conservation GeneBank functions. Often, there is an urgent need to preserve neglected landrace resources in order to prevent their disappearance (Hammer et al. 1999) as they are often underestimated sources of new crop traits (Smale and Day-Rubenstein 2002) and indispensable elements required to restore agricultural activities, for example, after disaster situations.
An increasing concern about the loss of these landraces over the last decades has led to a heightened concentration on methods for the conservation of genetic resources in GeneBanks (ex situ conservation) (Bommer 1991) . GeneBanks play an invaluable role in the conservation of landrace genetic resources, maintaining them as a crucial source of plant material for agriculture and food purposes, as well as a source of information about existing agrobiodiversity (Johnson 2008) . The current situation of cereal collections, including its landraces in worldwide GeneBank system is presented in Table 1 . Data show that cereal and landrace genetic resources have a wide distribution with a major number of the collection holders in European GeneBanks.
In an early global survey of cereal genetic resources, Bettencourt and Konopka (1990) identified a total of 911,983 accessions of barley, oat, rye and wheat, of which 119,795 (13 %) were clearly recorded as landraces. In a recent survey of available online information, Knüppfer (2009) documented a total of 1,284,231 accessions of Triticeae belonging to 35 genera (among them 12 hybrid genera) and almost 300 species, comprising 20 % of the estimated world germplasm holdings maintained in 295 GeneBanks around the world.
Globally, an estimated 1,750 GeneBanks hold ex situ germplasm collections with approximately 7.4 million accessions, 24 % of which are landraces. According to FAO (2010) , these holdings are distributed as follows: Africa maintains 5 % of the world's germplasm accessions; Asia, 31 %; Europe, 23 %; Latin America and the Caribbean, 14 %; Near East, 6 %; North America 10 %; and international and regional GeneBanks, 1.5 % (Table 2 ). In addition, there are also substantial ex situ collections in the over 2,500 botanical gardens worldwide (FAO 2010) .
Changes during the last ten years in the regional distribution and total numbers of available accessions are presented in Table 2 ( FAO 1998 FAO , 2010 . Nearly half (45 %) of all accessions in GeneBanks are cereals, of which landraces account for 29 % -wheat, rice, barley and maize comprise 76 % of the total cereal and pseudo-cereal accessions in the ex situ collections. Interestingly, among cereal resources, 24 % of wheat holdings are categorised as landraces/old cultivars, 23 % for barley, 33 % for maize, 14 % for oats and 29 % for rye (FAO 2010) . From 1996 to 2007, more than 240,000 new accessions were collected and added to the ex situ collections. The vast majority of missions collected germplasm of direct national interest, particularly obsolete cultivars, landraces and related wild species. Cereals (35 %) were the main crop group targeted for collected materials (FAO 2010).
However, there are an uncertain number of duplicate accessions within and between collections (Diederichsen 2009 ). It is anticipated that unique accessions in the global collections account for only 25-30 % of the total holdings (or 1.9-2.2 million accessions), with the remainder being duplicates held either in the same or, more frequently, different collections (FAO 2010) . These accessions need to be characterised and identified to create species core collections. Efficiency of conservation and management would be achieved through rationalising the collections by identifying and minimising unnecessary duplication (Dobrovolskaya et al. 2005) . This is clearly a priority requirement. The first step in the detection of possible duplicates is the verification of available passport data (van Hintum and Knüpffer 1995), followed by the evaluation of the accessions using agro-morphological and molecular traits. In the last three decades, the majority of efforts have been directed towards reversing the loss of crop diversity by collecting as many samples as possible from different geographic regions, especially from the rich centres of domestication and diversity. These efforts have not always relied upon good sampling and documentation practices, compromising the proper identification, conservation and use of germplasm accessions. Poor GeneBank management practices in the maintenance and regeneration of collected material throughout its lifetime within the GeneBank (Sackville Hamilton and Chorlton 1997) can also compromise the germplasm collection and future utilisation of the landraces. To address these problems and to minimise factors that might limit the value of a germplasm collection, both in improvement programmes and in diversity conservation, GeneBank management procedures have been proposed by an international consortium led by IPGRI (Engels and Visser 2003).
Evidence shows that when proper procedures are followed, no dramatic change in the integrity or viability of cereal landrace samples are observed (Pita et al. 1998) . However, problems affecting the genetic integrity and viability of cereal landraces, as well as contamination issues when samples are stored in GeneBanks have also been reported (Steiner et al. 1997; Parzies et al. 2000; Smale and Day-Rubenstein 2002; Chwedorzewska et al. 2006; Nagel et al. 2009 ). The problems identified in the surveying and documentation of landraces call for a new approach to the evaluation of genetic resources held in GeneBank collections and the need for recording and maintaining data in a format that is easily, readily and universally available. The observed gaps in this domain may be the factors contributing to the limited number of publications evaluating or reviewing cereal landrace genetic resources.
Overview of cereal landraces in global information systems
Dissemination of the information on availability of plant genetic resources plays a critical role in the sustainable use of crop diversity and, consequently, the sustainable future of mankind. Several actions have been initiated to ensure requested information is readily available to interested parties and several information systems dealing with genetic resources data have been established. FAO maintains the WIEWS on Plant Genetic Resources (http://apps3.fao.org/ wiews/wiews.jsp). Bioversity International also maintains the EURISCO Catalogue (http://eurisco.ecpgr.org/), on behalf of the Secretariat of ECPGR, which automatically receives data from 42 National Focal Points of the European NIs and provides access to ex situ PGR information in Europe (Dias 2009) , and the SINGER (http://singer. cgiar.org), on behalf of the CGIAR, a catalogue which provides access to information on the PGRFA maintained in the CGIAR Centres. While WIEWS maintains metadata, data on germplasm collections, EURISCO and SINGER maintain data at accession level, so-called passport data.
The amount of data in the EURISCO Catalogue has clearly evolved over time. In 2006, the Catalogue included over 8,000 species, but there are currently (EURISCO 2012) more than 35,000 species (338 % increase). Moreover, these species were maintained in 218 GeneBanks in 318 GeneBanks in 2012 (46 % increase) . Approximately 15 % of the accessions in 2006 were reported to be landraces and 25 % in 2010 (Dias et al. 2006; Dias 2010) , a situation that remains unchanged (EURISCO 2012) .
The SINGER system (to be integrated into GENESYS) also maintains accession-level passport data on a total of 751,717 accessions of 3,619 species, of which 43.6 % are reported to be landraces. Cereals account for 52 % of the total holdings including: rice, 19 %; wheat, 19 %; barley, 6 %; sorghum, 5 %; and maize, 4 %. Although only 8 % of the total CGIAR germplasm holdings originate from Europe, almost half (52.2 %) are reported as landraces, representing 9 % of the total number of landraces maintained by the network. SINGER holds data on the germplasm collections of 11 CGIAR GeneBanks and the AVRDC. However, the data regarding the number of accessions representing landraces (44 %) is quite low when compared with the 73 % of landraces and CWR held in CGIAR collections, as referred by Koo et al. (2003) . The discrepancy in the number of landraces in CGIAR collections can be attributed to the differences in accession labels or to a limited access to the germplasm documentation. Although these systems are important entry points to access information on germplasm collections around the world, almost all information is limited to origin and collecting data. Information about the accession type, (i.e. if it is a landrace), is not always provided.
For the preparation for this overview, the WIEWS system was utilised. This system provided the identification and analysis of the status of genetic resources of cereal landraces maintained in GeneBanks around the world. Special attention was paid to cereal collections of wheat, oat, rye and barley. A brief description of this analysis is given below. Bettencourt and Konopka (1990) in an early global survey of cereal genetic resources identified a total of 529,577 accessions of wheat, of which 83,377 accessions (15.7 %) were identified as landraces. This material was maintained in 102 germplasm collections in 47 countries. In a recent survey of available online information, Knüpffer (2009) reported a total of 732,262 accessions of wheat maintained in 223 holding institutions. Of the total number of accessions, 167,133 were identified only at the genus level and 565,129 at the species level. FAO (2010) identified a total of 229 institutes holding 856,168 wheat accessions, of which 24 % are identified as landraces.
Wheat landraces in GeneBanks
Based on the first and the latter sources of information (Knüpffer's paper was made available in June 2009 while the FAO report was published in October 2009), it is worth noting that during the last 19 years (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) , the number of accessions and holding institutions has increased substantially, by 62 and 128 %, respectively. An example of a wheat landrace cultivated on the Archipelago of Madeira, Portugal, is presented in Fig. 2 .
For the purposes of this overview, information provided by WIEWS (2012) was used to perform a more detailed analysis of the status of wheat landraces in the global system of GeneBanks. A total of 859,472 accessions of wheat germplasm were found to be maintained in GeneBanks in 90 countries within Europe, America, Asia, Africa and Oceania. However, only 225,120 accessions (26 % of the total) were classified as wheat landraces or related accessions (accessions selected from landraces), while the remaining wheat accessions were identified as improved cultivars, breeders' lines or were of unknown status. GeneBanks from 61 countries reported holding wheat landraces in their germplasm collections. Among them, 209,469 accessions were classified as true Triticum sp. landraces, representing 93 % of the total number of wheat landrace accessions. The remaining 15,651 accessions were simultaneously and indiscriminately classified as landraces, wild species, cultivars, advanced cultivars, genetic stocks or even breeders' lines, and represented 2 % of the total accessions. The top six wheat germplasm collections included: CIMMYT, Mexico, which maintains a total of 111,396 accessions, 31 % of which are identified as landraces; the National Small Grains Germplasm Research Facility (NSGC) at the USDA, ARS, USA, with 57,788 accessions, 57 % of which are classified as landraces; the Institute of Crop Germplasm Resources, Chinese Academy of Agricultural Sciences (ICGR-CAAS), P.R. China, maintaining a total of 41,030 accessions (no accessions identified as landraces); the NBPGR, India, with a total of 35,889 accessions, of which only 2 % are classified as landraces; ICARDA, Syria, maintaining a total of 34,983, 75 % of which are landraces; and the NIAS, Japan, maintaining a total of 34,652 with only 4.4 % classified as landraces. The European Wheat Database (EWDB) currently (European Wheat database EWDB 2012) consists of 160,262 records of which, 38,865 identified as landraces can be accessed at http://genbank.vurv.cz/ewdb/default.htm. The EURISCO Catalogue contains data on 169,868 accessions of wheat maintained in the European GeneBanks, of which 44,978 are traditional cultivars/landraces. The VIR collection is the largest and most complete, with 34,253 accessions of Triticum (EURISCO 2012).
Based on the WIEWS data and the other available information, the authors concluded that the VIR wheat collection should be considered the best documented among the major collections, as all the accessions are identified at species, subspecies or even at the botanical varieties taxonomical level. Triticum aestivum, Triticum turgidum, Triticum durum, Triticum monoccocum and Triticum dicoccum are the major wheat species easily recognised in the VIR collection. All species and accessions contained in VIR are duplicated in the German Federal GeneBank (GFG), Gatersleben; however, the number of wheat species in both collections is different, a situation that seems to be related to the taxonomic nomenclature systems used in the documentation (van Slageren 1994; Dorofeev et al. 1979; Kimber and Feldman 1987) as shown by Dobrovolskaya et al. (2005) .
Differences in the documentation and identification of the accessions made available by GeneBanks and the limitations of the WIEWS do not allow for an in-depth comparison of the landraces in germplasm collections from different GeneBanks, limiting our ability to offer a more comprehensive global overview on the actual situation of wheat landrace resources. This situation also points to the need to standardise documentation requirements for the germplasm collections. Despite the detected limitations, the wheat collection from GFG, Gatersleben, was analysed using WIEWS data. The WIEWS collection was selected based on the taxonomic identification of accessions and its size (medium). The collection's structure and composition, Fig. 2 Wheat landrace "Rapadinho" from the Archipelago of Madeira, Portugal as found in the analysis, are presented in Table 3 . Based on the differences between the species' total number of accessions and the number of landrace accessions, one can predict the structure of materials consisting of breeding and improved cultivar accessions, which is fairly important for breeding programmes associated with the GeneBanks. Information regarding the CIMMYT and the CGIAR collections, including the structure and the percentage of genetic resources representing wheat landraces were detailed by Koo et al. (2003) and Pardey et al. (2001) . According to this information, the CIMMYT and the ICARDA wheat collections are the most important sources of landrace resources for wheat. Pardey et al. (2001) gave an account of the efforts to increase the amount of genetic resources conserved ex situ based on the evolution of the CIMMYT wheat collection, which between 1980 and 1997 grew almost 16-fold for bread wheat, reaching 71,171 accessions, and seven times for durum wheat, reaching 15,490 accessions. These cited works also presented an estimate of the costs of short-(annual) and long-term germplasm conservation, as well as the operating costs of a modern GeneBank for the CIMMYT germplasm collections (Pardey et al. 2001) or those of the CGIAR GeneBanks . These costs determine the need to optimise the size of the germplasm collections by limiting the amount of duplicate accessions. It must be emphasised, however, that an accurate figure for the number of duplicates in the collections cannot be determined, as this issue has been a subject of only a limited study. Nonetheless, it is estimated that only between 25 and 30 % of the total holdings conserved in the GeneBanks are unique. Careful attention must be paid when determining whether or not the accessions are unique since Dobrovolskaya et al. (2005) have shown that identification of the duplicates based only on one criterion, e.g. accession number, provenance, accessions' common names or even taxonomic identification, could lead to the elimination of useful and unique accessions. Efforts to improve our knowledge about genetic resources held in the GeneBanks and the creation of core germplasm collections are urgently needed. This recommendation should be extended to all cereal crops and their landraces addressed in this overview.
Barley landraces in GeneBanks
A survey of the global cereal holdings (Bettencourt and Konopka 1990 ) identified a total of 283,138 accessions of barley maintained in 94 germplasm collections in 47 countries; 32,316 of these accessions (11.4 %) were identified as landraces. More recently, Knüpffer (2009) , after surveying available online information resources, documented a total of 466,531 accessions of barley, of which 63,511 accessions were identified only at the genus level, while 390,097 accessions were identified at the species level. The material was maintained in 199 holding institutions worldwide. FAO (2010) identified a total of 470,470 accessions of barley germplasm, of which 23 % are classified as landraces maintained in 204 GeneBanks worldwide. Like wheat, a striking increase in both the number of barley accessions conserved and the number of holding institutions (66 and 117 %, respectively) has been observed during the last 19 years . An example of a barley landrace cultivated on Santorini Island, Greece, is presented in Fig. 3 .
Two hundred GeneBanks in 84 countries within Europe, America, Asia, Africa and Oceania maintain a total number of 471,252 barley accessions, of which 136,155 accessions have been classified as landraces. However, the number of accessions undoubtedly classified as barley landraces reached 108,949 accessions, or 80 % of the total (WIEWS 2012). EURISCO provides records of 99,692 accessions of Hordeum from 35 European countries, of which 25,548 from 25 countries were classified as traditional cultivars/ landraces. The European Barley Database (EBDB) currently includes data on about 155,518 accessions from 23 European countries. This database also includes information on 38,335 additional accessions from three non-European GeneBanks (Australian Winter Cereals Collection (AWCC), Tamworth, Australia; ICARDA, Syria; and Barley Germplasm Centre, Kurashiki, Japan). In addition, 1,298 accessions from the IBCC are also well documented.
According to FAO (2010) , the top four barley landrace collections are located at: the Plant Gene Resources of Canada (PGRC), Saskatoon Research Centre, Agriculture and Agri-Food Canada, Canada, which holds a total of 40,031 accessions, 41 % of which have been determined to be landraces; the NSGC, USA, maintaining 29,874 accessions, of which 56 % are classified as landraces; the EMBRAPA Recursos Genéticos e Biotecnologia (CENARGEN), Brazil, collection conserving 29,227 accessions (specific information about accession types is not available); and ICARDA, Syria, maintaining a collection of 26,679 accessions, of which landraces account for 67 % of the total germplasm holdings.
It is the opinion of the authors that the best documented barley germplasm collection is maintained by the GFG, Gatersleben, which houses 22,093 accessions and where almost all accessions, many of them classified as landraces, are taxonomically identified at the level of variety or convariety (e.g. H. vulgare convar. deficiens, with 26 accessions). The structure and composition of this barley collection is presented in Table 4 . Based on differences between the species' total number of barley accessions and the number of landrace accessions, it is possible to predict the structure of the material constituting breeding and improved cultivar accessions. According to Pardey et al. (2001) , barley genetic resources conserved ex situ in the CIMMYT collection have grown 4.3 times from 1980 to 1997, Wheat classification according to Dorofeev et al. (1979) reaching 9,084 accessions. However, FAO (2010) reported that a decrease in global barley holdings was observed from 1998 to 2010 (485,000 to 466,531, respectively).
Oat landraces in GeneBanks
An early survey of cereal genetic resources (Bettencourt and Konopka 1990) The major collections of oat landraces are located in Canada, Russian Federation, USA and Germany. The PGRC, Saskatoon Research Centre, Agriculture and AgriFood Canada maintain the biggest oat collection, with 27,676 accessions, of which only 12 % are classified as landraces (FAO 2010) . These figures do not differ from those published by Diederichsen (2008 Diederichsen ( , 2009 ) who reported 27,000 accessions, with 10,000 belonging to A. sativa L. of which the majority are classified as landraces. The VIR oat collection, with 11,857 accessions (41 % landraces) is the best documented collection, where all accessions are identified at the species level. The NSGC, USA has a collection of 21,195 oat accessions (14 % landraces). The fourth largest 393, 575 122, 037 4, 126 8, 602 84, 747 21, 747 4, 126 8, 602 40, 718 18, 148 17, 760 388 Total 396, 621 124, 083 4, 126 8, 602 84, 775 21, 750 4, 126 8, 602 41, 038 18, 148 17, 760 388 Barley classification according to Brummitt and Powell (1992) Cereal landraces genetic resources in worldwide GeneBankscollection, in terms of number of accessions maintained, is held by the GeneBank, Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Germany, with a total of 4,799 oat accessions, 33 % of which are classified as landraces. Different systems of resource documentation, as well as differences in taxonomic systems and the limitations of the WIEWS system, prevented comparative surveys of landrace collections from different GeneBanks being conducted. Based on the WIEWS data, the oat collection of VIR (Table 5 ) was analysed. This is an exemplary collection characterised by outstanding taxonomic classification of the accessions. In this collection, the difference between the total number of accessions and the number of landrace accessions indicates the material representing breeding and improved accessions.
Interesting conclusions can be drawn when comparing data from the First Report on the State of the World's Plant Genetic Resources for Food and Agriculture (FAO 1998) with the second one (FAO 2010) . While the first survey stated that only 2 % of accessions were identified as landraces/old cultivars (the same figure reported by Bettencourt and Konopka 1990) and 6 % as advanced cultivars/breeding lines, the latter survey reported 14 % of the accessions as landraces and 13 % as breeding lines/advanced cultivars. Again, there is a discrepancy between the global holdings provided in the first status report (FAO 1998) and the second report (FAO 2010) , showing a considerable decline in the number of oat accessions maintained, 223,287 and 130,653, respectively. The reasons for such decline in the number of accessions conserved are not well identified and could pinpoint a threat to the conservation of these resources.
Rye landraces in GeneBanks
An early survey identified a total of 14,775 accessions of rye, maintained in 38 germplasm collections in 26 countries, of which 2,360 accessions (16 %) were reported to be landraces (Bettencourt and Konopka 1990) . Knüpffer (2009) (Bettencourt and Konopka 1990) with the more recent one (FAO 2010), a sharp increase in both the number of accessions held globally (43 %) and the number of holding institutions (150 %) can be noted.
According to FAO (2010) , the top five rye germplasm collections are held in the following institutes: VIR, Russian Federation, which maintains a collection of 2,928 accessions (34 % landraces); the IPK, Germany which maintains a total of 2,392 accessions (27 % landraces); the IHAR, Poland, which conserves a total of 2,266 accessions (12 % landraces); the NSGC, USA, which conserves 2,106 accessions (77 % landraces); and the PGRC, Agriculture and Agri-Food Canada, Canada which stores 1,446 accessions (23 % landraces). Although the rye collection at CIMMYT is one of the smallest cereal germplasm collections, according to Pardey et al. (2001) , its genetic resources grew by 6.1 times between 1990 and 1997, reaching 202 accessions.
Generally, the rye collections of NSGC, USA and VIR, Russian Federation, are reliably documented, with all accessions identified at the species or subspecies level. Again, different GeneBank approaches to the documentation and identification of accessions and the limitations of the WIEWS system did not allow surveys based on species designations or resources classification to be conducted Classification according to Brummitt and Powell (1992) and compared among landraces stored in different GeneBanks. Based on the WIEWS data, the VIR rye collection was analysed; the selection of this landrace collection was based on the accessibility of taxonomic data and accessions or resources classification (Table 6 ). The differences between the species' total number of accessions and the number of accessions classified as landraces provides an idea of the material representing breeding and improved cultivars. Similar to the other crops reviewed herein, the difference between the total number of rye accessions and the number of landrace accessions represents the material considered as breeding and improved cultivar accessions. An enormous discrepancy in the number of accessions and percentage of landraces could be observed in previous surveys (Bettencourt and Konopka 1990; FAO 1998 FAO , 2010 Knüpffer 2009 ). For example, while Bettencourt and Konopka (1990) referred the existence of 14,775 accessions of rye, of which 2,360 (16 %) were landraces, FAO (2010) reports the existence of 21,192 accessions, 29 % of which are reported as landraces, 22 % as breeding lines, 15 % as advanced cultivars, 6 % as wild species and 27 % of uncertain status. The EURISCO Catalogue provides records of 13,283 accessions of Secale sp. from 29 European countries, of which 3,877 accessions from 21 countries are traditional cultivars/landraces. Also, the European Secale Database (ESDB) contains passport data on 13,187 accessions maintained in 39 European institutions (http://www.ihar.edu.pl/ gene_bank/index_en.php). According to FAO (2010) , the largest rye collection is maintained by VIR, which comprises 14 % of all accessions maintained in the germplasm collections worldwide.
Conclusions
The present work attempts to review and systematise the scientific knowledge about the genetic resources of cereal landraces conserved in GeneBanks worldwide. In the 1970s, the traditional role of GeneBanks began to evolve and new functions and tasks have since been added to their original purpose to conserve plant materials for breeding programmes. In the past, plant breeders searching for accessions with specific traits (i.e. resistance genes) accounted for the majority of GeneBank users. Today, new users, including farmers, nature museums and growers of landraces or conservation varieties also request access to the conserved material. These new users do not focus exclusively on crop germplasm traits, but are also interested in the landraces, their history and the traditional knowledge associated with the management and use of such materials. At the same time, several changes in key climatic features (i.e. drought) impacting agricultural production have the potential to increase the importance of cereal landraces and genetic resources conserved in GeneBanks, as these materials provide critical genes for the development of new and adapted cultivars. Periodically, the costs and economic benefits associated with germplasm conservation in the GeneBanks are raised; criticism often centres on the high number of samples held in ex situ collections, the high cost of their conservation and the scarcity of evidence of generated economic benefits. Pardey et al. (2001) and Koo et al. (2003) made an attempt to determine the cost of genetic resources conservation at CIMMYT and the CGIAR Centres. Pardey et al. (2001) reported that conservation costs are often crop-specific crop. For example, the costs per accession for open-pollinating crops, for instance maize, are much higher compared with self-pollinating crops like wheat. Nevertheless, the authors are not aware of any attempts to determine the economic value and benefits of crop diversity conservation. Determining the economic value of germplasm, in the context of genetic resources for food and agriculture, is a complex task. The economic value should be determined by the benefits provided from the germplasm, not by the simple attribution of a monetary value. The value depends on the level of usefulness and the types of use each individual associates with the genetic resources, either in a scientific, development, cultural or anthropological context. Giving a concrete value to crop landrace genetic resources is not a straightforward process, although it is possible to describe the associated benefits. The most Classification according to Brummitt and Powell (1992) obvious benefit is the one that derives from direct use: to produce food, fibre and/or to help create new varieties of crops out of these genetic resources. Other, less evident, benefits are related to the efforts of farmers to domesticate and maintain crops and the development of landraces through many years of selection, actions which support environmental, scientific, ethnographic and other services (Kaplan 1998) . Further benefits are associated with the actual efforts to mitigate climatic changes. Smale and Koo (2003) related the value of plant genetic resources to the use value, as the value derives not from the assurance that plant genetic resources are safely maintained (non-use value), but from the fact that these resources are believed to embody genes and gene combinations of current and future use to society. Barbier et al. (1995) pointed out that if landraces have never been used, their value could be determined by the usefulness of the conserved germplasm for future generations. To attribute an economic value to genetic resources, in the actual context of conservation, economic studies would need to be conducted on a case-bycase basis, as the services provided and the potential of the materials conserved vary significantly according to species/ crop, conservation conditions, type of material, quality and quantity available and where they are maintained (i.e. country hosting the GeneBank and collections). Some authors have made attempts to estimate the value accrued by the use of plant genetic resources. Frisvold et al. (2003) estimated the welfare gains of genetic improvements in major US crops as annual benefits ranging from US$ 400-600 million. Of this, the US accrues 44-60 % of the profit; other developed countries accrue 24-34 %; and developing and transitional economies capture 16-22 % of the welfare gain. Nowadays, there is an abundance of valuable data regarding plant material collected and conserved in the GeneBanks worldwide. However, these data are often not readily available for potential users due to the lack of unified organisation, structure and registration. Typically, only general information (e.g. passport data) about the resources conserved in the GeneBanks is provided, while data regarding the traits or the history of landraces are often absent. This problem is a result of the extremely fast growth rate of resources conserved in the GeneBanks worldwide (7.4 million accessions are now conserved) (FAO 2010) and the slower development of personnel and limited availability of financial resources for the characterisation, evaluation and documentation programmes. The sustainable use of genetic resources maintained in the germplasm collections for breeding or training purposes needs to be enhanced, and the use of molecular and biotechnological tools in the screening and characterisation could accelerate this process (Ferreira 2006) . However, to achieve this goal, an effort to link molecular marker analysis with specific traits or targeted landrace qualities is required. However, critical deficiencies detected in the knowledge of cereal landrace genetic resources conserved ex situ in the main GeneBanks may hamper this achievement. Similar issues were identified in the evaluation of the efficiency of sampling methods and conservation strategies; this is linked to the absence of national surveys and inventories of cereal landraces, as well as the lack of a common understanding of the landrace concept and knowledge of the nature, genetic structure and variability of landraces. The discussion on the concept of landrace is far from over. The species definition of landraces is needed, as the scope and structure of the resources category can depend on several factors, including history and cultivation practices, agronomic traits and species reproductive biology (Chebotar et al. 2003) . The overall analysis of data on cereal landraces existing in GeneBank information systems and the combined data accessed through metadata systems have highlighted limitations in the identification of landraces and genetic resources in terms of the origin of traits, as well as in the identification of duplicates. The global absence of information about the use of genetic resources in the worldwide GeneBank systems contrasts with data revealing the high demand for genetic resources from select GeneBanks, such as the NPGS, USA (Smale and Day-Rubenstein 2002) and the CGIAR and CIMMYT (Pardey et al. 2001; Koo et al. 2003) collections. The national or international breeding programmes associated directly with these organisations appear to contribute to the high popularity of their genetic resources.
GeneBanks ought to expand their mandates beyond the traditional collection of information and must undertake efforts to share and exchange germplasm information using different mechanisms and channels to promote unlimited use of conserved materials by the interested entities, including researchers, breeders, decision makers and students. Such an approach would guarantee that these valuable and unique materials are effectively utilised for the further development of sustainable agriculture, local economies, food security and quality through improved cultivars and the use of traditional landraces and CWRs with traits of interest for adaptation to climate change.
New GeneBank users could play an important and complementary role in the conservation of traditional resources and, in this way, support GeneBanks in the management of the cereal landrace collections. The interaction among GeneBanks and those who are motivated to preserve traditional seeds will be fundamental to overcome some of the problems facing GeneBanks with regard to seed regeneration, such as genetic drift, pollution and erosion of landraces (Chebotar et al. 2003 ). However, the major advantage of supporting these new users in accessing and utilising the germplasm conserved in GeneBanks is the possibility of the continuation of the evolutionary processes of the landraces. An effective conservation strategy must take into consideration both conservation and evolution. Therefore, ex situ conservation alone cannot provide the lasting benefits that accrue from the conservation of habitats and agro-systems rich in diversity (Swaminathan 2002) . Cereal landraces cannot be exclusively conserved as seed samples maintained under ex situ conditions in the GeneBanks. Currently, several programmes aim to maintain agro-biodiversity components, including landraces, applying on-farm and in situ conservation methods where crops are managed using the same agricultural techniques, in the same agroenvironmental conditions and the same anthropogenic and natural selection pressures under which they have evolved (Maxted et al. 1997; Holubec et al. 2010; Newton et al. 2010) . A comparison between ex situ and in situ conserved landraces should take into account the conditions under which either conservation system is practiced. The exchange, introduction and mixing of diverse materials by farmers may result in increased diversity within a landrace. On the other hand, an inefficient regeneration sampling system followed by unintended selection and genetic drift could cause a decline in landrace genetic diversity over time (Parzies et al. 2000) .
Both the Convention on Biological Diversity (CBD 1993) and the International Treaty on PGRFA (ITPGRFA 2004) recognised the enormous contribution of farmers to maintaining the crop diversity that provides the food stock for the world and contributes to the development and conservation of genetic resources. Sharing of benefits and raising awareness of the value of cereal landraces are the most effective ways to promote their conservation and to ensure the continued availability and sustainable utilisation of plant genetic resources. There is, therefore, a pressing need to create an economic stake in conservation. In general, the issue of benefit-sharing still needs further investigation and to receive due attention from those formulating legal measures for the implementation of the CBD and the ITPGRFA. Some benefit-sharing methods might involve the promotion of processes aimed at keeping cereal landraces in cultivation, supporting seed production and distribution and developing new markets for local varieties and their products. In 1998, the European Council ruled that genetic resources threatened by genetic erosion and adapted to local or regional conditions can be marketed under specific conditions, while the Commission Directive 2008/62/EC of 20 June 2008 allows for certain derogations in order to promote the sustainable use and conservation of agricultural landraces naturally adapted to local conditions and threatened by genetic erosion. This Commission Directive should, hopefully, provide the legal basis for the local marketing of seeds from genetic resources, which would encourage and support the on-farm conservation of landraces and promote their sustainable utilisation.
